Changes in the mitogen-activated protein kinase and phosphatidylinositol 3-kinase/Akt signaling associated with the induction of apoptosis.
Trigeminal neurinoma cells were used to characterize the involvement of ERK, JNK, p38 and phosphatidylinositol 3-kinase (PI3-K)/Akt signaling pathways in the induction of apoptosis. Activation of JNK by anisomycin, the inhibition of ERK activation by PD098059 or a blockage of the PI3-K/Akt pathway by wortmannin or LY294002 alone, was not sufficient for the induction of apoptosis. Apoptosis was rapidly induced when the activation of JNK was coupled with the inhibition of PI3-K/Akt, and the induction was further enhanced by a concurrent inhibition of ERK activation. The p38 inhibitor, PD169316, reduced the activities of ERK and Akt. Rapid induction of apoptosis occurred when the inhibition of p38 was coupled with JNK activation, and a concurrent inhibition of PI3-K/Akt potentiated the induction. Apoptosis was also induced without JNK activation, though at a slower rate, by a combined treatment with PD169316 and LY294002. A concomitant inhibition of ERK and Akt activation induced apoptosis without JNK activation, although with a considerable delay of its onset. These results suggest that ERK, JNK, p38 and PI3-K/Akt signaling pathways interact to form an integrated network, and the induction of apoptosis requires coordinated changes in these signaling pathways.